We developed a novel method for synthesizing markerdisrupted alleles of yeast genes. The first step is PCR amplification of two sequences located upstream and downstream of the reading frame to be disrupted. Due to the addition of non-specific single A overhangs by Taq DNA polymerase, each PCR product can be ligated with a marker DNA which has T residues at its 3′ ends. After amplification of individual ligation products through the second PCR, both products are mixed and annealed, and the single strand is converted to a double strand by an extension reaction. The final step is PCR amplification of the fragment composed of a selectable marker and two flanking sequences with the outermost primers. This method is rapid and needs only short oligonucleotides as primers.
Since the entire genome is known, the construction and disruption of specific sequences followed by analyses of the phenotypes is one of the most powerful genetic tools for the yeast, Saccharomyces cerevisiae. The classical strategy for gene disruption requires the isolation of a gene and digestion with restriction enzymes (1) . Because of the use of restriction enzymes to digest the DNA fragments, it is sometimes very hard to construct appropriate fragments disrupted by a marker DNA. To overcome this problem, several advanced methods for constructing such deletions have been reported involving PCR. The synthesis of PCR-mediated DNA fragments consisting of a marker cassette flanked by short homology regions to the target locus is now a widely used method (2, 3) . However, the transformation efficiency with these PCR-products having small homology regions at both ends is inferior to that with DNA having long homology regions. Furthermore, the sequence polymorphism in different strain backgrounds will hinder homologous recombination when small homology regions are used. Elongation of the homology regions flanking the marker gene would solve this problem and several advanced methods have been reported. However, it is still necessary to isolate the DNA fragment of interest, or to use complicated procedures (4-6). Here we attempted to develop a new method for constructing a marker cassette with long flanking homology regions involving a simple procedure. Our method does not involve the purification of the DNA fragment, such as isolation Step 1: first PCR reaction. Two separate regions of a target gene are PCR amplified with oligonucleotide primers specific for the target sequence and genomic DNA as a template.
Step 2: ligation. Two PCR products are ligated with a DNA fragment of a marker gene through two separate reactions.
Step 3: second PCR reaction. The ligated fragments are PCR amplified separately.
Step 4: annealing and extension. Two PCR-amplified fragments are mixed, denatured, annealed, and then extended with DNA polymerase.
Step 5: third PCR reaction. The final product is PCR amplified with the outermost primers.
on an agarose gel, phenol-extraction, and ethanol-precipitation of the DNA fragment. Taq polymerase exhibits a non-template-dependent activity, adding a single A residue to the 3′ ends of PCR products (7). This allows us to ligate the PCR product with a marker DNA fragment having a T residue at each of its 3′ ends. Our method is based on the PCR amplification of DNA fragments with Taq polymerase and the ligation of PCR products with marker DNAs.
We first prepared marker DNA fragments having a single 3′ T residue at both 3′ ends. A pUC19-derived vector, pUC-T, having two adjacent Eam1105I restriction endonuclease sites was generated by inserting an annealed pair of synthetic oligonucleotides, 5′-AATTCGACAGACTGTCGACAAGCTTGAC-AGTCTGTC-3′ and 5′-AGCTGACAGACTGTCAAGCTTGT-CGACAGTCTGTCG-3′, into pUC19 between the EcoRI and *To whom correspondence should be addressed. Tel: +81 948 29 7822; Fax: +81 948 29 7801; Email: nikawa@bse.kyutech.ac.jp Electrophoresis of PCR products (3 µl each) was performed on a 0.7% agarose gel. Lanes 1 and 2, fragments synthesized in the first PCR with genomic DNA as a template (∼10 ng), and two sets of primers near the start and stop codons of EPT1, respectively. Lanes 3 and 4, fragments synthesized in the second PCR with ligation products as templates and two sets of primers, with the combination of a primer near the start codon plus one of the primers for the marker gene, URA3, and a primer near the stop codon plus the other primer for URA3, respectively. Lane 5, final product of the third PCR with the outermost primers. Lane 6, DNA size markers. The first PCR started with initial denaturation for 3 min at 94_C, then 25 cycles of: 94_C for 1 min, 50_C for 2 min, 72_C for 1 min. The second PCR consisted of 20 cycles of: 94_C for 30 s, 55_C for 30 s, 72_C for 2 min. Annealing and extension consisted of denaturation for 10 min at 94_C followed by decreasing the temperature to 37_C gradually (60 min), incubation at 37_C for 15 min, and extension at 72_C for 3 min. The third PCR consisted of 15 cycles of: 94_C for 30 s, 55_C for 30 s, 72_C for 3 min. (B) Verification of gene disruption. PCR was performed on yeast strains using ∼20 base outside primers for the cassettes and genomic DNA as a template. More conveniently, gene disruption was verified by outermost primers used for constructing the cassettes and all transformants determined contained disrupted alleles (data not shown). The PCR products were analysed by 0.7% agarose gel electrophoresis. Lane HindIII sites. pT-URA3 was then constructed by inserting the 1.2 kb HindIII fragment of URA3 into pUC-T at the HindIII site. pT-ADE8 and pT-HIS3 were constructed by inserting the 1.1 kb DraI fragment of ADE8 and the 1.3 kb Eam1105I/XhoI fragment of HIS3, which had been treated with Klenow fragment, into the HincII site of pUC-T, respectively. DNA fragments of marker genes having T residues at their 3′ ends were prepared by digesting the respective plasmids with Eam1105I.
The synthesis of marker cassettes with long flanking homology regions comprises three steps of PCR involving one ligase reaction (Fig. 1) . In the first PCR step, two fragments of DNA were amplified with two sets of primers. The PCR products were both produced through two separate reactions. The 17mer in length of primers is sufficient and total yeast genomic DNA can be used as a template for the first PCR. In the second step, PCR products were ligated with the marker gene, followed by the second PCR. The first PCR products and ligation mixtures can be used for the ligation reaction and the second PCR reaction without purification, respectively. In the next step, two PCR products were mixed and annealed, and then the extension reaction was carried out with Taq polymerase. Finally, the marker cassettes with long flanking regions were amplified by the third PCR and used for replacement of the target gene in the genomic DNA. To obtain better results, excess primers should be removed from the second PCR products by centrifugation in a micro-concentrator (SUPREC TM -02; Takara Shuzo Co.). The PCR products used for constructing the URA3-disrupted EPT1 gene fragment are shown in Figure 2A . At each step of the PCR reaction, the sizes of the generated products observed on agarose gel electrophoresis were in good agreement with the predicted sizes of the fragments. Using the final PCR product we could disrupt the chromosomal EPT1 in strain D452-2 (a leu2 ura3 his3) by the lithium acetate method (8) . We have also successfully deleted genes INO2 and INO4 in strain SP1 (α leu2 ura3 his3 trp1 ade8) by using this procedure with HIS3 and ADE8 as marker genes, respectively. We verified by PCR with outside primers for the replaced fragments that the transformants contained the constructs integrated into the expected loci (Fig. 2B) .
The preparation of a marker module flanked by long homology regions of several hundred base pairs, through the simple method described here, would be advantageous for fast and high-throughput gene disruption. Furthermore, the ligation-and PCR-mediated synthesis of DNA fragments described here will be applicable to general methods for constructing DNA fragments.
